To examine the effects of solar heat utilization, it is necessary to classify the solar-use climate in East Asia based on climatic factors that affect load reduction by solar heating systems. In this study, annual load simulations are performed on weather data in 842 sites in Japan to analyze the climatic factors that impact the load reduction effect of the solar heating system. The analysis results were based on three climatic factors that strongly affect the heating load of a building: heating degree day (HDD18-18), daily solar global horizontal irradiance, and solar-heat available days. Furthermore, to distinguish the climate for the use of solar heat in East Asia, climate classification was done according to three climatic factors using the weather data of 1176 sites in East Asia. Consequently, the climate of solar thermal utilization in East Asia can be classified into 88 areas. Based on the regional classification for solar heat utilization proposed in this study, it will be possible to examine the effect of load reduction and applicability according to the use of solar heat in each region in the future.
Introduction
In recent years, the demand for the utilization of natural energy has been on the rise, owing to mandatory energy efficiency standards and global warming. In particular, because of the development of new technology and the production of low-cost solar collectors, the use of solar heating is increasing all over the world. Various studies are being conducted on the relationship between solar energy and the global environment [1, 2] . More than 70% of the capacity of liquid-type solar collectors around the world are in China, and the use of solar heating in East Asia is rapidly increasing [3] . In addition, in Japan, the use of air-based solar heating systems is on the increase, as convective heating is usually utilized [4] . Extensive research has been conducted on collectors. In a study evaluating the performance of liquid-type collectors, Hill and Streed proposed a test method for determining the efficiency of a solar collector [5] . Similarly, Choi measured and compared the performance of various types of collectors [6] . To increase heat collection performance, Minardi and Chuang made and evaluated a flat-plate type collector using a black liquid as a thermal medium [7] . In the same vein, Bergene and Løvvik developed a performance prediction model of the collector by simulation, and evaluated its feasibility through comparative analysis [8] . In addition, three-dimensional (3D), two-dimensional (2D), and one-dimensional (1D) models were constructed as a method for evaluating the performance of a PV/T system that can be used as a solar thermal and photovoltaic module at the same time, and the accuracy was confirmed through comparison with the experimental collector. In their study, Bergene and Løvvik suggested the necessity of a time-dependent model for more accurate performance prediction. Kovarik and Lesse studied the optimal control of a liquid-type collecting system by
Weather Factor Analysis Affecting the Heating Load

Simulation Condition
The annual heating load of a building using an air-based solar heating system was calculated, based on the weather condition of 842 points in Japan's weather data (Expanded AMeDAS data). The Excel-based thermal load analysis (ExTLA) simulation used in this study is a thermal load calculation tool developed by the MAE Laboratory of the University of Tokyo. It calculates the convergence of simultaneous equations using the Gauss-Seidel method with a circular reference and an iterative calculation function in Microsoft Excel. Using this Excel-based simulation method, it is possible to input mathematical equations into each cell and to refer to the values of other cells inputted by users. To eliminate heat transfer and heat accumulation effects between rooms, the buildings in the experiment were simple models, the same as that of the laboratory experiments in the reference study [4] . Figure 1 and Table 1 show the conceptual diagrams of the target building and simulation conditions.
The annual simulation of 842 locations in Japan under the condition of the air-based solar heating system was carried out. Table 2 shows the regions of the 842 points of the weather data. The angle of the collector and the roof surface was entered as the latitude of each region, and the annual heating load when using the solar heating system was calculated. The meteorological factors for investigating the correlation between the climactic factors and the heating load were based on 12 items, according to the outside temperature and solar radiation. The solar-heat available days were defined as the number of days that the daily solar direct normal irradiance was 1000 Wh/(m 2 ·day) or more during the heating period, that is, the days satisfying the minimum solar radiation available for solar heating. The daylight hours indicate the accumulation of the time when the solar direct normal irradiance was 120 Wh/m 2 or more during the day. Table 3 shows the target items. 
Correlation between a Load of the Solar Thermal Utilization System and Climatic Factors
Through the simulation of 842 locations in Japan, the correlation between the heating load results and the climatic factors of 12 items was analyzed. Table 4 shows the correlation between the heating load of the building with the air-based solar heating system and the climatic factors (12 
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Correlation between a Load of the Solar Thermal Utilization System and Climatic Factors
Through the simulation of 842 locations in Japan, the correlation between the heating load results and the climatic factors of 12 items was analyzed. Table 4 shows the correlation between the heating load of the building with the air-based solar heating system and the climatic factors (12 items) obtained using the regression analysis of Microsoft Excel. From these results, ⑧ and ⑫, whose insignificant probabilities (p-value) exceeded 5%, were excluded. In addition, ⑤ and ⑥, in which the insignificant probability (p-value) did not appear either because there was a high correlation with other factors or there was no correlation with the heating load, were excluded. Finally, ②, ③, and ④, which had relatively large standard errors, were excluded. In the remaining five items, (①, ⑦, ⑨, ⑩, and ⑪ ), the correlation between the climate elements were analyzed because the relationship between climate elements was highly correlated with the effect of regression analysis on heating load because of mutual influences. Table 5 shows the results of the correlation analysis between climatic factors. Here, column 1 is ①, column 2 is ⑦, column 3 is ⑨, column 4 is ⑩, and column 5 is ⑪. As a result, there was a high correlation between columns 2 and 3, 2 and 5, and 3 and 5. As shown in Table 6 , the regression analysis of the five climate elements and the heating load of the building with the air-based solar heating system was performed; the result determined the relationship between column 2 (⑦ daily solar direct normal irradiance) and column 5 (⑪ average solar direct normal irradiance during solar-heat available days). Table 4 . Correlation between heating load of air-based solar heating system and climatic factors (12 items).
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average solar direct normal irradiance during solar-heat available days). 
Correlation between a Load of the Solar Thermal Utilization System and Climatic Factors
Through the simulation of 842 locations in Japan, the correlation between the heating load results and the climatic factors of 12 items was analyzed. Table 4 shows the correlation between the heating load of the building with the air-based solar heating system and the climatic factors (12 items) obtained using the regression analysis of Microsoft Excel. From these results, ⑧ and ⑫, whose insignificant probabilities (p-value) exceeded 5%, were excluded. In addition, ⑤ and ⑥, in which the insignificant probability (p-value) did not appear either because there was a high correlation with other factors or there was no correlation with the heating load, were excluded. Finally, ②, ③, and ④, which had relatively large standard errors, were excluded. In the remaining five items, (①, ⑦, ⑨, ⑩, and ⑪ ), the correlation between the climate elements were analyzed because the relationship between climate elements was highly correlated with the effect of regression analysis on heating load because of mutual influences. Table 5 shows the results of the correlation analysis between climatic factors. Here, column 1 is ①, column 2 is ⑦, column 3 is ⑨, column 4 is ⑩, and column 5 is ⑪. As a result, there was a high correlation between columns 2 and 3, 2 and 5, and 3 and 5. As shown in Table 6 , the regression analysis of the five climate elements and the heating load of the building with the air-based solar heating system was performed; the result determined the relationship between column 2 (⑦ daily solar direct normal irradiance) and column 5 (⑪ average solar direct normal irradiance during solar-heat available days). Table 6 . Correlation between heating load of air-based solar heating system and climatic factors (five items). Table 7 shows the regression analysis result of the heating load of the building with the air-based solar heating system and the three selected climatic factors. The three selected climatic factors showed a high correlation with the heating load, and the probability of insignificance was close to zero. Therefore, the three factors examined in this study are considered to be the major influences on the heating load of the solar heating system. Figure 2 shows the relationship between the results of the annual simulation and the estimation formula based on the three factors. 
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Correlation between a Load of the Solar Thermal Utilization System and Climatic Factors
Through the simulation of 842 locations in Japan, the correlation between the heating load results and the climatic factors of 12 items was analyzed. Table 4 shows the correlation between the heating load of the building with the air-based solar heating system and the climatic factors (12 items) obtained using the regression analysis of Microsoft Excel. From these results, ⑧ and ⑫, whose insignificant probabilities (p-value) exceeded 5%, were excluded. In addition, ⑤ and ⑥, in which the insignificant probability (p-value) did not appear either because there was a high correlation with other factors or there was no correlation with the heating load, were excluded. Finally, ②, ③, and ④, which had relatively large standard errors, were excluded. In the remaining five items, (①, ⑦, ⑨, ⑩, and ⑪ ), the correlation between the climate elements were analyzed because the relationship between climate elements was highly correlated with the effect of regression analysis on heating load because of mutual influences. Table 5 shows the results of the correlation analysis between climatic factors. Here, column 1 is ①, column 2 is ⑦, column 3 is ⑨, column 4 is ⑩, and column 5 is ⑪. As a result, there was a high correlation between columns 2 and 3, 2 and 5, and 3 and 5. As shown in Table 6 , the regression analysis of the five climate elements and the heating load of the building with the air-based solar heating system was performed; the result determined the relationship between column 2 (⑦ daily solar direct normal irradiance) and column 5 (⑪ average solar direct normal irradiance during solar-heat available days). 
Climate Classification for Solar Thermal Utilization in East Asia
Climate Classification
In order to examine the heating load reduction effect (application possibility of the system) of the solar heating system for varying climate characteristics in each region of East Asia, climate classification in East Asia is conducted based on three climatic factors. The examined weather data of East Asia are a total of 1176 points: 842 points of expanded AMeDAS in Japan, 323 points of EPW (EnergyPlus Weather data) in China, 8 points in South Korea (The Korea Solar Energy Society), and 8 points of EPW in North Korea. Figure 3 shows the position of the weather data in East Asia. First, the criteria for heating degree day was created for 11 climate categories including the Japanese criteria for "standards of judgment for residential construction clients" and climate classification criteria in China (GB 50176-93 China Building Thermal Design Code) (Huang and Deringer, 2007) . Tables 8 and 9 show the heating degree day standards of Japan and China. Table 10 shows the East Asian heating degree day standards obtained based on Japanese and Chinese standards. Region V Region 7 500 HDD < 1500
Region VI Region 8 HDD < 500 Table 9 . Chinese heating degree day (HDD 18-18 ) classification (Huang and Deringer, 2007).
Heating Degree Day (HDD18-18)
Severe cold A 5500 HDD < 8000
Severe cold B 5000 HDD < 5500
Severe cold C 3800 HDD < 5000 The solar global horizontal irradiance, as the second climate factor, incorporates both Japanese (technical information on energy conservation standards for houses and buildings, and technical standards for low carbon buildings) and Chinese standards. Table 11 shows the Japanese solar global horizontal irradiance classification criteria, and Figure 4 shows the Chinese solar irradiance standards. In the case of Japanese solar irradiance classification, it is divided into five regions in 10% ranges based on an annual solar global horizontal irradiance of 4456 MJ/m 2 . Table 12 shows the East Asian solar global horizontal irradiance classification criteria prepared from the standards of Japan and China. As there are no standards available for solar-heat available days in China, South Korea, and Japan, the results of 1176 points in East Asia were created in the graph, and three extremely varied categories, ranging from 40% and 80%, were created. Figure 5 shows the ratio of solar-heat available days to days heating was required in East Asia. Table 13 shows the classification of solar-heat available days by region in this study. Table 13 . Region classification of solar-heat available days.
Region Classification Solar-Heat Available Days [%]
Region 1 ≥80% Region 2 40 to 80% Region 3 ≤40% Figure 5 . Ratio of solar-heat available days to days required for heating.
The climate categorization of 1176 regions in East Asia is based on the climatic factors affecting solar thermal utilization in East Asia (11 regional divisions by heating degree day, six regional divisions by daily solar global horizontal irradiance, and three regional divisions by solar-heat available days). In the climate classification result, the climate of solar thermal utilization in East Asia can be classified into 88 areas, as shown in Table 14 . Regional notation by climate classification is as shown in Figure 6 ; the first two digits represent 1 to 11 areas of the heating degree day, while the third one represents one to six areas of the daily solar global horizontal irradiance, and the fourth one is the three areas of solar-heat available days. 121  1  211  7  321  16  411  22  521  31  122  2  221  8  331  17  421  23  522  32  131  3  231  9  341  18  422  24  532  33  141  4  232  10  342  19  431  25  541  34  151  5  241  11  352  20  432  26  542  35  152  6  242  12  362  21  441  27  552  36  251  13  442  28  562  37  252  14  452  29  563  38  262  15  462  30 
Map of Climate Classification
To visualize the results of the classification of solar thermal areas in East Asia, mapping was performed to distinguish each solar heat utilization climate areas by color from the latitude and longitude of other areas. The mapping program used MATLAB and the Miller projection map model, as proposed by Osborne Maitland Miller at the American Geography Society in 1942. A grid with an interval of 0.001 • was created, with the longitude as the x-axis and the latitude as the y-axis. Then, the climate classification results were presented by color on the z-axis. Miller Projection (Snyder, 1994) is a method involving the planar representation of the earth latitude and longitude coordinates. The x and y axes are calculated as Equation (1) . Mapping was done by classifying the heating degree day (HDD18-18), daily solar global horizontal irradiance, and solar-heat available days in East Asia. Figures 7-9 show the region classification results by the heating load, solar global horizontal irradiance, and solar-heat available days. Table 12 ). Classification by solar-heat available days (based on Table 13 ). Figure 10 shows the climate classification results for the climatic factors of East Asia, encompassing the three climatic factors, using solar thermal energy (heating degree day, daily solar global horizontal irradiance, and solar-heat available days). To choose the representative point of each climate, the classification method calculated the average value for each climate using Equation (2), and calculated A, B, and C from the mean value of the climate and the ratio of the regional result. The area having the least distance (Dt) from the average value in each area was set as a representative point. Figure 11 and Table 15 show an example of the distance between the climate element and the average value of each region and of selecting representative points. Table 16 shows the representative points in the 88 regions of solar thermal climate in East Asia which are suggested in this study. 
Correlation between a Load of the Solar Thermal Utilization System and Climatic Factors
Through the simulation of 842 locations in Japan, the correlation between the heating load results and the climatic factors of 12 items was analyzed. Table 4 shows the correlation between the heating load of the building with the air-based solar heating system and the climatic factors (12 items) obtained using the regression analysis of Microsoft Excel. From these results, ⑧ and ⑫, whose insignificant probabilities (p-value) exceeded 5%, were excluded. In addition, ⑤ and ⑥, in which the insignificant probability (p-value) did not appear either because there was a high correlation with other factors or there was no correlation with the heating load, were excluded. Finally, ②, ③, and ④, which had relatively large standard errors, were excluded. In the remaining five items, (①, ⑦, ⑨, ⑩, and ⑪ ), the correlation between the climate elements were analyzed because the relationship between climate elements was highly correlated with the effect of regression analysis on heating load because of mutual influences. Table 5 shows the results of the correlation analysis between climatic factors. Here, column 1 is ①, column 2 is ⑦, column 3 is ⑨, column 4 is ⑩, and column 5 is ⑪. As a result, there was a high correlation between columns 2 and 3, 2 and 5, and 3 and 5. As shown in Table 6 , the regression analysis of the five climate elements and the heating load of the building with the air-based solar heating system was performed; the result determined the relationship between column 2 (⑦ daily solar direct normal irradiance) and column 5 (⑪ average solar direct normal irradiance during solar-heat available days). Table 6 . Correlation between heating load of air-base items). Table 7 shows the regression analysis result of th solar heating system and the three selected climatic fa a high correlation with the heating load, and the p Therefore, the three factors examined in this study a heating load of the solar heating system. Figure 2 sh annual simulation and the estimation formula based daylight hours. The climatic factors with low correlation with the heating load, large standard error, and highly correlated elements were excluded from the examined items. Finally, the three climatic factors that strongly affect the heating load of the building were selected. The three selected climatic factors are shown below:
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• Heating degree day (HDD18-18); • Daily solar global horizontal irradiance; • Solar-heat available days.
Furthermore, in order to distinguish the climate for the use of solar heat in East Asia, using the weather data of 1176 sites in East Asia (842 Expanded AMeDAS in Japan, 323 EPW data in China, 8 EPW data in Korea, 3 EPW data in North Korea), climate classification was done according to the three climatic factors. Consequently, the climate classification according to solar thermal utilization in East Asia can be classified into 88 areas. To visualize the climate classification, the study used MATLAB to map climate zones to East Asia maps by color.
To choose the representative point of each climate division, the ratio of the value of each region to the same climate average value is calculated, and the area showing the closest distance to the average value was adjudged the representative point. Based on the regional classification for solar heat utilization proposed in this study, it will be possible to examine the effect of load reduction and applicability according to the use of solar heat in each region in the future.
